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1. Introduction
In RAN1#90 meeting [1], the following was agreed for UE’s autonomous PUSCH transmission (AUL).
	Agreement:
· The support of autonomous uplink access with frame structure type 3 is specified within the scope of Release 15 FeLAA WI.
Agreements:
· AUL operation is UE specifically RRC configured
· The time-domain resources for AUL operation are RRC configured
· FFS: configuration details (e.g. subframe bitmap or a periodic configuration, etc.)
· Activation and deactivation of AUL operation is supported using a DCI with its CRC scrambled with a specific RNTI
· FFS which DCI format 
· FFS whether the RNTI is the SPS RNTI or a new RNTI
· FFS: additional limitations to AUL subframes e.g. depending on scheduled transmissions
· FFS: whether in addition to the RRC configured subframes also other subframes can be dynamically enabled for AUL
· Frequency domain resources (i.e. interlaces) for AUL transmissions are indicated to the UE by the eNodeB via the Activation DCI 
· The MCS of AUL transmissions is indicated to the UE by the eNodeB via the Activation DCI 
[bookmark: _Hlk491271306]Agreement:
· Additional HARQ processes are not introduced for AUL transmission (i.e. AUL supports 16 HARQ processes just like Re-14 eLAA) 
· The HARQ process IDs allowed for AUL operation are UE specifically RRC configured
· All 16 HARQ-processes can be used for scheduled transmissions
Working assumption:
· Both scheduled and autonomous retransmission are supported for AUL transmissions.


In this contribution, we discuss the details of the subframe configuration and HARQ operation for AUL operation.

2. Configuration of AUL subframes
As agreed in last meeting, subframes for AUL transmission is UE-specifically configured by RRC signaling. We consider following two options.
Option 1) AUL window is configured with subframe period
This approach is identical with the legacy SPS configuration where SPS subframes are RRC configured with a subframe period P except that AUL window is defined instead of SPS subframe. AUL window consists of W consecutive AUL subframes, as depicted in figure 1, in order to give more chance for channel access in unlicensed band, where W is also configured by RRC.
Option 2) AUL subframes is configured by N bits bitmap with periodicity P
In this approach, RRC configured N bits bitmap indicates AUL subframes where the N bits bitmap corresponds to N consecutive subframes which appear periodically with periodicity P, as depicted in figure 1, where it is FFS whether N and/or P is configured by RRC or predefined.
Bitmap approach (option 2 above) may look more flexible in avoiding, e.g., DMTC subframes from AUL subframe configuration. However, with the AUL window approach (option 1 above), UE can avoid AUL transmission in DMTC subframes even if those subframes are configured as AUL subframes since DMTC subframes are semi-statically known to the UE. Then, option 1 is preferred since it requires relatively smaller RRC overhead.
Proposal 1. AUL subframes for a UE are configured by AUL window which consists of W consecutive subframes and appears with subframe periodicity P, where W and P are RRC configured.
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Option 1) AUL window with periodicity
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Option 2) AUL subframe bitmap with periodicity
Figure 1. Options for AUL subframe configuration

3. Control information for asynchronous HARQ operation with AUL 
To support asynchronous HARQ operation for AUL for both PUSCH initial transmission and retransmission, it is necessary to align HARQ related parameters such as HARQ process number, RV, NDI, etc., between UE and eNB. Also, UE ID should be also conveyed to the eNB to allow contention based AUL transmission of multiple UEs in a same AUL resource. We discuss each parameter below.
1) UE ID
To enhance the possibility of successful reception of a UE’s AUL PUSCH transmission even in case of collision with another UE’s transmission in a same AUL resource, different DM-RS sequences should be allocated to different UEs. Also, C-RNTI based UE-specific PUSCH scrambling will help the final identification of different UEs’ AUL transmissions. Therefore, UE ID may not need to be explicitly conveyed on the AUL PUSCH transmission.
Proposal 2. Different UEs’ AUL PUSCH transmissions in a same AUL resource are differentiated by DM-RS sequence and PUSCH scrambling.
2) HARQ process number & NDI
To allow UE’s choice of HARQ process number and initial/new transmission, HARQ process number and NDI should be conveyed with AUL PUSCH transmission. Encoded HARQ process number and NDI can be mapped around DM-RS of the PUSCH in the similar way that RI is rate matched around DM-RS in UCI piggyback on PUSCH in legacy LTE.
Proposal 3. HARQ process number and NDI are multiplexed with AUL PUSCH transmission. Coded bits of HARQ process number and NDI are mapped around PUSCH DM-RS.
3) RV
There can be two approaches for RV alignment between eNB and UE:
Approach 1) RV is conveyed on AUL PUSCH as HARQ process number and NDI
Approach 2) RV is scheduled by eNB using HARQ feedback from eNB
Proposal 4. For RV alignment between eNB and UE for a AUL PUSCH transmission,  following options are considered.
Option 1) RV is conveyed on AUL PUSCH
Option 2) RV for AUL PUSCH is scheduled by eNB using HARQ feedback from eNB
4) COT (channel occupancy time)
If UE’s acquired COT can be shared by eNB’s DL transmission or other UE’s UL transmission, it may be beneficial UE informs eNB of the remaining COT or total COT value through AUL PUSCH.
Proposal 5. Discuss further if COT related information should be conveyed on AUL PUSCH transmission

4. HARQ feedback for AUL transmission
To allow HARQ retransmission via AUL resource without UL grant, explicit HARQ feedback from eNB for AUL transmission should be supported.
Rather than introducing a new physical channel, we propose to define a DCI for HARQ feedback for AUL transmission, namely DCI format X. DCI format X can be specified in the following manner.
· DCI format X can contain HARQ feedbacks for multiple UEs’ AUL transmissions
· DCI format X can contain HARQ feedbacks for multiple HARQ processes configured for a UE’s AUL transmission
· A UE is configured with a separate RNTI for DCI format X
Regarding HARQ feedback contents, HARQ feedback for a AUL transmission may contain DTX state as well as ACK or NACK state to differentiate the cases where a UE has actually performed AUL transmission on a AUL resource or not. Also, as mentioned in the previous section, it may be considered to include RV for AUL retransmission in the HARQ feedback to allow the eNB with the freedom of RV selection depending on its detection results of AUL transmission.
Proposal 6: DCI format X is defined for HARQ feedback from eNB for AUL transmissions
· DCI format X can contain HARQ feedbacks for multiple UEs’ AUL transmissions
· DCI format X can contain HARQ feedbacks for multiple HARQ processes configured for a UE’s AUL transmission
· [bookmark: _GoBack]A UE is configured with a separate RNTI for DCI format X

5. Conclusion
In this contribution, we discussed the details of the autonomous UL access configuration and corresponding HARQ operation. The proposals of this paper are summarized as follows.
Proposal 1. AUL subframes for a UE are configured by AUL window which consists of W consecutive subframes and appears with subframe periodicity P, where W and P are RRC configured.
Proposal 2. Different UEs’ AUL PUSCH transmissions in a same AUL resource are differentiated by DM-RS sequence and PUSCH scrambling.
Proposal 3. HARQ process number and NDI are multiplexed with AUL PUSCH transmission. Coded bits of HARQ process number and NDI are mapped around PUSCH DM-RS.
Proposal 4. For RV alignment between eNB and UE for a AUL PUSCH transmission,  following options are considered.
Option 1) RV is conveyed on AUL PUSCH
Option 2) RV for AUL PUSCH is scheduled by eNB using HARQ feedback from eNB
Proposal 5. Discuss further if COT related information should be conveyed on AUL PUSCH transmission
Proposal 6: DCI format X is defined for HARQ feedback from eNB for AUL transmissions
· DCI format X can contain HARQ feedbacks for multiple UEs’ AUL transmissions
· DCI format X can contain HARQ feedbacks for multiple HARQ processes configured for a UE’s AUL transmission
· A UE is configured with a separate RNTI for DCI format X
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